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THE NERVOUS SYSTEM OF THE ENERGY TRANSITION:
PRECISION AS A PREREQUISITE FOR ELECTRIFICATION

THE ELECTRIFICATION TRILEMMA

The global energy grid is facing one of its most profound crises since its inception a
century ago. The energy sector is attempting to execute a triple maneuver:
accommodate the explosive load growth of Al data centers[1], support new policy and
regulatory requirements to decarbonize energy generation by shifting to renewables,
and electrify the economy by enabling the mainstreaming of electric-powered
machinery, vehicles, and heat pumps|[2].

The scale of this challenge is widely regarded as unprecedented. The International
Energy Agency (IEA) estimates that to meet climate goals, the world must add or replace
80 million kilometers of power lines by 2040—an amount equal to the entire existing
global grid. Simultaneously, electricity demand from data centers, Al, and
cryptocurrency is projected to double by 2026[3].

Capital expenditure on transmission and distribution is projected to reach $600 billion
annually by 2030[4]. However, legacy infrastructure alone will not be able to meet
demand[5]. The modern grid cannot just be bigger; it must be smarter. We are moving
from a centralized, one-way system to a decentralized, bi-directional network defined
by distributed energy resources[6].

Our analog grid of the 20th century cannot adequately support the rapid expansion of
distributed assets and, in many cases, lacks the digital infrastructure necessary for
these new levels of complexity. The focus of energy transmission, beyond adding
capacity, is shifting to the grid monitoring and intelligence layer enabled by technology
that allows utilities to push aging assets to their limits without catastrophic failure[6].

THE PRECISION GAP

The transition to renewables introduces a fundamental instability into the physics of the
grid, creating a precision gap—the danger zone where legacy infrastructure must
accommodate inputs, loads, and volatility it wasn’t designed for without damaging key
assets or destabilizing the grid.
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Traditional grids relied on the massive rotating mass of coal and nuclear turbines to
provide a physical buffer that smoothed out frequency fluctuations. Solar and wind are
inverter-based resources with no inertia[7]. This means that without precise,
millisecond-level frequency monitoring and rapid response control, switching these
new energy sources in and out of the grid could lead to interruptions, reduced stability,
or even regional blackouts.

As demand surges, utilities are forced to push transmission lines closer to their thermal
limits. If a line gets too hot, it sags; if it sags too low, it arcs to the ground—a major
cause of wildfires if it comes into contact with vegetation. This makes static monitoring
based on weather averages no longer acceptable for risk mitigation. Operators need
precision feedback on the exact temperature and tension of the conductor in real time
to safely unlock capacity.

Finally, distribution transformers, at the heart of the grid, are being stressed by “high
load” hours, load cycling, and power quality issues created by EV chargers and other
variable loads.

This thermal stress can degrade the cellulose insulation and transformer oil, triggering a
chemical breakdown that releases dissolved gases—including hydrogen, methane, and
carbon monoxide—into the oil at measurable concentrations[8]. Monitoring
temperature helps assess the frequency and timing of these damaging events, while
monitoring the gases and composition of the organic compounds in transformer oil
indicates the rate of degradation of the asset’s operational life. This critical insight can
inform timely maintenance, repair, or replacement decisions prior to failure.

The bottleneck of the energy transition doesn’t lie just in the generation of energy; it lies
in the integration of distributed energy for consistent and reliable delivery of power to its
point of use. Adding more generating stations and substations, doubling transmission
and distribution capacity, and incorporating new infrastructure into the legacy grid
requires more data, information, and knowledge to effectively optimize the network for
efficiency and supply reliability[6].

As a result, the industry is shifting its decades-long hyper-focus on capacity to focus on
monitoring and predictive analytics. Precision sensing is one of the most effective ways
to gain the insights and intelligence needed to effectively revitalize the grid.
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THE NERVOUS SYSTEM FOR THE MODERN GRID

Ralliant’s solutions operate in this critical intelligence layer, providing the instruments,
sensors, and monitoring systems that allow utilities to detect the invisible stressors
inside their assets[8]. Our solutions create resilience through precision technology,
insights, and intelligence.

While original equipment manufacturers (OEMs) build the hardware (turbines,
transformers, etc.), Ralliant provides the sensors and systems that detect the early
onset of failure. We help shift the utility model from post-failure repairs to pre-emptive
condition-based asset management (CBAM), allowing maximum uptime.

CBAM is a surveillance and maintenance strategy that uses real-time sensor data, Al,
and analytics to monitor equipment health through indicators such as partial discharge,
chemical analysis of liquids and gases, vibration, temperature, and pressure.

We have a critical role to play in an industry racing toward Industry 5.0, where grid
operators partner with intelligent systems to manage complexity that exceeds human
cognitive limits. By ensuring that voltage, frequency, and asset health are measured
with absolute precision, Ralliant allows the grid to operate safely at the edge of its
capacity.

OPERATIONAL PROOF

Our competitive advantage is built on one of the industry’s most respected portfolios of
asset protection and monitoring technologies, represented across three of our industry-
leading operating companies. Our solutions are often the benchmark at the substation
and in the engineering labs at the OEM[8].

Qualitrol: a global leader in transformer asset protection

Our technology solves the silent-killer problem present at many power stations through
precision dissolved gas analysis (DGA). Instruments like the Serveron® monitors
perform continuous dissolved gas analysis (DGA), detecting fault gases dissolved in
transformer oil at part-per-million concentrations and flagging incipient faults months
before catastrophic failure.

Furthermore, our fault recording systems capture waveform data at high operational
speeds, giving utilities the “black-box” data needed to understand the accurate location
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and root cause of a grid event and determine the next actions required to bring it back
online[8].

Qualitrol monitoring systems protect the critical assets of many of the world's largest
power utilities. From the Three Gorges Dam to the major transmission utilities in the
U.S., our technology is the watchdog trusted to protect billions of dollars in
infrastructure.

Tektronix: a leader of power electronics

The modern grid runs on inverters—devices that convert DC current (such as solar and
batteries) to AC current for the grid. These rely on next-generation wide bandgap
semiconductors (SiC/GaN). Designing these chips requires measuring power efficiency
with extreme precision.

Tektronix Power Analyzers are widely used as a standard by many OEMs such as
Siemens, GE, and Eaton building the inverters and converters that underpin the entire
renewable ecosystem. We ensure the grid is efficient at the transistor level[8].

Hengstler-Dynapar: powering giant wind turbines with precision

In wind energy, precision is a matter of mechanical control. A wind turbine requires
exact feedback on rotor speed and blade pitch to maximize power generation and
prevent structural failure.

Our heavy-duty encoders are engineered to survive the harsh vibration and temperature
extremes of offshore wind farms, providing the critical motion feedback that keeps the
turbine spinning in the optimal zone of efficiency[8].

LOOKING AHEAD TO THE AUTONOMOUS GRID

The next decade will very likely see the transition from the Smart Grid, which is focused
on visibility, to the Autonomous Grid, which relies upon self-actions.

Al-Driven Load Balancing

As Al data centers create massive, spiky power demands, the grid must react faster
than human operators can think. This requires absolute trust in precision data. Al
models are only as good as their inputs. Ralliant’s precision sensors provide the highly
accurate and reliable source of truth—the data required to train and operate the Al
algorithms managing the grid[1].
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Virtual Power Plants (VPPs)

Aggregating thousands of home batteries and EVs to act as a power plant requires
precise synchronization. Ralliant’s sensing technology will migrate from the substation
to the grid edge, verifying the quality and timing of power required by consumers[9].

HVDC Superhighways

We expect the future of transmission to be high-voltage direct current (HVDC), moving
renewable energy across continents. This requires new standards of monitoring and
protection, an area where Ralliant’s domain expertise and legacy of precision
instrumentation and technologies position us to lead[7].

THE BOTTOM LINE

Grid modernization is not a trend; we believe it is a multi-decade capital cycle thatis
agnostic to political winds[8]. Regardless of market trends, Ralliant’s solutions play a
critical role as renewable energy, electrification, and the power demands of Al continue
to grow in the decades ahead.

This is not about enabling a single trend or market—it is about providing the
technologies, capabilities, and intelligence required to make it all work.

IN SUMMARY

Ralliant argues that the global energy grid is facing an unprecedented electrification
trilemma driven by decarbonization, the mainstreaming of electric vehicles, and the
massive power demands of Al data centers[3][8].

To bridge the precision gap caused by the inherent volatility of renewable energy and
aging infrastructure, we are a key component of the grid’s nervous system, providing
critical hard-tech sensors and diagnostic tools that enable a shift from reactive repairs
to proactive condition-based asset management.

By leveraging our extensive experience and innovation in physical diagnostics and
power electronics, Ralliant provides essential ground-truth data to enable the transition
from a manual, analog system to an intelligent, autonomous grid.
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